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(54) Metal ceramic substrates for semiconductors of high reliability 


(57) A paste of active metallic brazing material is ap- 
plied to the entire surface of each side of aluminum ni- 
tride or alumina ceramic substrate 1 ; circuit forming cop- 
per plate 3 having a thickness of 0.3 mm is placed in 
contact with one surface of the substrate and a heat dis- 
sipating copper plate 4 having a thickness of 0.25 mm 
placed in contact with the other surface; the individual 
members are compressed together and heated at 
850° C in a vacuum furnace to form a joint; an etching 
resist is applied to the circuit forming copper plate and 
etching is performed with an iron chloride solution to 
form a circuit pattern and the unwanted brazing material 


is removed from the marginal portions; a second resist 
layer is applied and etched with an iron chloride solution 
to form a second marginal step; a third resist layer is 
similarly applied and etched to form a third marginal 
step; the completed circuit board having three marginal 
steps of which the lowest one is solely or partly made of 
the brazing material can withstand 1 ,500 heat cycles, 
which is the result that has ben unattainable by the prior 
art. Having such high heat cycle characteristics, the cir- 
cuit board is suitable for use as semiconductor substrate 
in automobiles, electric trains and other applications that 
require high output power. 
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Description 

BACKGROUND OF THE INVENTION 

5 This invention relates to circuit substrates made of high-strength ceramic-metal composites. More particularly, the 

invention relates to semiconductor substrates of high reliability that have sufficiently high heat cycle characteristics to 
be suitable for use as circuit boards in automobiles, electric trains and other applications that require high output power 
Ceramic circuit substrates having current conducting circuits are extensively used for mounting electronic compo- 
nents that generate large amounts of heat such as power hybrid ICs and power modules. In recent years, various 

io design considerations have been adopted in the fabrication of ceramic substrates and the formation of current carrying 
circuits with a view to manufacturing AIN ceramic circuit boards having high heat conductivity. 

For the particular purpose of improving the heat cycle characteristics, Examined Japanese Patent Publication No. 
93326/1 995 and Unexamined Published Japanese Patent Application No. 59986/1 989 proposed that marginal portions 
of a metal plate as a principal component of a circuit board are provided with two steps or a thin-walled area in cross 

is section. Alternatively, a fillet may be provided in order to relieve the thermal stress at the marginal portions as taught 
by the Applicant in Examined Japanese Patent Publication No. 77989/1995 entitled "Process for the Production of 
Ceramic-Metal Joints". 

It has been reported that the circuit boards manufactured by those methods are improved in heat cycle character- 
istics compared to the circuit boards having no steps at all in the marginal portions and can withstand up to several 
20 hundred cycles without cracking. However, the recent versions of circuit boards for handling large power or those to 
be used in automobiles are required to have even higher operational reliability and withstand at least 1 ,500 heat cycles 
*nd nc satisfactory substrates have so far been developed by adopting the above-described methods. 

in short, it has been common sense in the art that fifty to several hundred heat cycles are the maximum limit that 
enn be withstood by the circuit boards fabricated by the conventional methods and it has been difficult to use them as 
cs commercial power modules in automobiles, electric trains and other applications that require high output power. 

SUMMARY OF THE INVENTION 

The present invention has been accomplished under these circumstances and has as an object providing a power 
30 module cixuit board that can withstand at least 1 ,500 heat cycles and which, hence, is suitable for use in automobiles 
and electric trains. 

1 he present inventors conducted intensive studies in order to attain the stated object and found that the heat cycle 
characteristics of a circuit board could be markedly improved by providing at least three steps in its marginal portions 
and also specifying their thickness and width. The present invention has been accomplished on the basis of this finding. 
35 Thus the present invention relates generally to a semiconductor substrate of high reliability which comprises a 

ceramic to metal joined circuit board having three or more steps formed in the marginal portions of at least the conductor 
circuit. 

In a preferred embodiment, the lowest step in the marginal portions of the conductor circuit is made of an active 
metallic brazing material whereas the other steps are made of a metal or metals. 
40 in another preferred embodiment, all steps in the marginal portions of the conductor circuit are made of a metal 

or metals 

In the first preferred embodiment, the lowest step is made of an active metallic brazing material, with the active 
metal being at least one of Ti, Zr and Hf, whereas the other steps are made of a metal or metals. 

In yet another preferred embodiment, the lowest step has a thickness t, which accounts for no more 15% of the 
45 total thickness of the conductor and has a width i A of 5 - 500 urn, the middle step has a thickness t 2 which accounts 
for 25 - 55% of the total thickness of the conductor and has a width i 2 of 100 - 500 um and the highest step has a 
thickness t 3 which accounts for 30 - 60% of the total thickness of the conductor, with t n + t 2 being no more than 70% 
of the total thickness of the conductor and i A + € 2 being no more than 1 mm. 

so BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1A shows in partial section the marginal profiles of the circuit boards fabricated in Examples 1, 3 and 7; 
Fig. 1B shows in partial section the marginal profiles of the circuit boards fabricated in Examples 1 and 3; 
Fig. 2A shows in partial section the marginal profiles of the circuit boards fabricated in Examples 2 and 8; 
ss Fig. 2B shows in partial section the marginal profiles of the circuit boards fabricated in Example 2; 

Fig. 3A and 3B show in partial section the marginal profiles of the circuit boards fabricated in Example 5; 

Fig. 4A and 4B show in partial section the marginal profiles of the circuit boards fabricated in Examples 4 and 6; 

Fig. 5A and 5B show in partial section the marginal profiles of the circuit boards fabricated in Comparative Example 
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1; 

Figs. 6A and 6B show in partial section the marginal profiles of the circuit boards fabricated in Comparative Example 
2; and 

Fig. 7 A and 7B show in partial section the marginal profiles of the circuit boards fabricated tn Comparative Example 
s 3. 

DETAILED DESCRIPTION OF THE INVENTION 

The ceramic substrate to be used in the invention is either an alumina substrate or a nitride ceramic substrate 

io comprising aluminum nitride or silicon nitride. The conductor circuit is formed of a metal (i.e., Cu) plate. 

in the present invention, three or more steps can be formed in the marginal portions of a conductor circuit by two 
different methods depending on how the copper plate is joined to a ceramic substrate. In an active metal process in 
which the copper plate is joined to the ceramic substrate using an active metallic brazing material, the following method 
is employed: a paste of the active metallic brazing material is applied to the entire surface on either side of the ceramic 

is substrate (e.g. aluminum nitride or alumina); a circuit forming copper plate 0.3 mm thick is placed in contact with one 
surface of the substrate and a heat dissipating copper plate 0.25 mm thick in contact with the other surface; the three 
members are compressed together and heated at 850°C in a vacuum furnace to form a joint; an etching resist is applied 
to the circuit forming copper plate on the joint and after etching with an iron chloride solution to form a circuit pattern, 
the unwanted brazing material is removed from the marginal portions to form a first marginal step; then, a second resist 

20 layer is applied and etching is performed on the circuit forming Cu plate with an iron chloride solution to form a second 
marginal step; subsequently, a third resist layer is applied and etching is performed with an iron chloride solution to 
form a third marginal step. The thus completed conductor circuit has the lowest marginal step formed solely or partly 
of brazing material. By varying the etching condition, the first marginal step (i.e., the lowest step) can be formed of 
either a single layer of the brazing material or a dual layer consisting of the brazing material and copper in a desired 

25 thickness. 

In a direct bonding process in which the copper plate is joined directly to the ceramic substrate, the following 
method is employed: a circuit forming copper plate 0.3 mm thick is placed in contact with one surface of the ceramic 
(typically alumina) substrate and a heat dissipating copper plate 0.25 mm thick placed in contact with the other surface; 
the three members are compressed together and heated at 1,063°C in a heating furnace to form a joint; then, as. in 

30 the active metal process, an etching resist is applied to the circuit forming copper plate on the joint and etching is 
performed with an iron chloride solution to form a circuit pattern having a first marginal step; subsequently, a second 
resist layer is applied and etching is performed with an iron chloride solution to form a second marginal step; finally, a 
third resist layer is applied and etching is performed with an iron chloride solution to form a third marginal step. The 
thus completed circuit board has three steps formed in the marginal portions of the circuit forming Cu plate. 

35 The circuit boards having three steps formed in the marginal portions by the two processes were evaluated for 

their heat cycle characteristics, with each cycle consisting of heating at 1 25°C for 30 minutes and cooling at -40°C for 
30 minutes. They could withstand at least 1,500 cycles, the result being uncomparable to the data obtained with the 
prior art version. 

In order to further improve the heat cycle characteristics, marginal steps may be provided not only on the circuit 
AO forming copper plate but also on the heat dissipating copper plate on the other side of the substrate and this is also 
included within the scope of the invention. When this approach was adopted, the circuit boards, whether they were 
fabricated by the active metal process or the direct bonding process, could withstand at least 2,000 heat cycles without 
cracking. 

The following examples are provided for the purpose of further illustrating the present invention but are in no way 
45 to be taken as limiting. 

Example 1 

Four aluminum nitride substrates measuring 53 X 29 X 0.635 mm were provided as ceramic substrates 1 . A paste 
so of brazing material 2 comprizing 71 .0% Ag, 16.5% Cu and 2.5% Tl was applied to the entire surface of either side of 
each substrate. A circuit forming copper plate 3 having a thickness of 0.3 mm was placed in contact with one surface 
of each substrate and a heat dissipating copper plate 4 having a thickness of 0.25 mm placed in contact with the other 
surface. The individual members were compressed together and heated at 850°C in a vacuum furnace to form a joint. 
Then, an etching resist was applied to the circuit forming copper plate and etching was performed with an iron 
55 chloride solution to form a circuit pattern and the unwanted brazing material removed from the marginal portions. 
Then, a second resist layer was applied and etched to form a second marginal step. 

A third resist layer was applied and etched to form a third marginal step. In this way, two pairs of circuit boards 
were fabricated which had the marginal profiles shown in Figs. 1 A and 1 B with the lowest step being made solely or 
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partly of the brazing material. 

The marginal steps in the two circuit boards shown in Fig. 1 A had the following dimensions: t-, = 20 pm and = 
0.3 mm for the lowest step; t 2 = 0.1 mm and f 2 = 0.3 mm for the middle step; and t 3 = 0.18 mm for the highest step. 

The marginal steps in the two circuit boards shown tn Fig. 1 B had the following dimensions: t, = 40 u.m and e , - 
5 0.3 mm for the lowest step; ^ = 0.13 mm and f 2 = 0.3 mm for the middle step; and t 3 = 0.13 mm for the highest step. 

One member of each of the circuit board pairs shown in Figs 1 A and 1 B was subjected to a heat cycle test, each 
cycle consisting of heating at 1 25°C for 30 minutes and cooling at -40°C for 30 minutes. The results are shown in Table 
1 ; both circuit boards could withstand up to 1 ,500 cycles without cracking and fine cracks developed only alter 2,000 
cycles. 

10 

Example 2 

The other member of each of the circuit board pairs fabricated in Example 1 was further treated to form two steps 
in the marginal portions of the heat dissipating surface on the opposite side by resist application and etching (see Figs. 
75 2A and 2B). The heat cycle characteristics of these circuit boards were tested by the same method as in Example 1 . 
The results are also shown in Table 1; both circuit boards could withstand up to 2,000 cycles without cracking, thus 
proving to possess by far better heat cycle characteristics than the prior art version 


Example 3 

20 

Four alumina substrates measuring 53 X 29 X 0.635 mm were provided as ceramic substrates 1 . A paste of brazing 
material 2 comprising 71 .0% Ag, 1 6.5% Cu and 2.5% Ti was applied to the entire surface of either side of each substrate. 
A circuit forming copper plate 3 having a thickness of 0.3 mm was placed in contact with one surface of each substrate 
and a heat dissipating copper plate 4 having a thickness of 0.25 mm placed in contact with the other surface. The 
cs individual members were compressed together and heated at 850 D C in a vacuum furnace to form a joint. 

Then, an etching resist was applied to the circuit forming copper plate and etching was performed with an iron 
chloride solution to form a circuit pattern and the unwanted brazing material removed from the marginal portions. 

Then, a second resist layer was applied and etched to form a second marginal step. 

A third resist layer was applied and etched to form a third marginal step. In this way, two pairs of circuit boards 
to were fabricated which had the marginal profiles shown in Figs. 1 A and 1 B with the lowest step being made solely or 
partly of the brazing material. 

The marginal steps in the two circuit boards shown in Fig. 1 A had the following dimensions: 1, = 20 um and = 
0.3 mm for the lowest step; t 2 = 0.1 mm and f 2 = 0.3 mm for the middle step; and t 3 - 0.18 mm for the highest step. 
The marginal steps in the two circuit boards shown in Fig. 1 B had the following dimensions: t, = 40 ujti and = 
c-5 0. 3 mm for the lowesl step. ^ = 0. 1 3 mm and f. 2 = 0.3 mm for the middle step; and t 3 - 0. 1 3 mm for the highest step. 

One member of each of the circuit board pairs shown in Figs. 1 A and 1 B was subjected to a heat cycle test, each 
cycle consisting of heating at 1 25°C for 30 minutes and cooling at -40°C for 30 minutes. The results are shown in Table 
1 : both circuit boards could withstand up to 1 ,500 cycles without cracking and fine cracks developed only after 2,000 
cycles. 

-JO 

Example 4 

The other member of each of the circuit board pairs fabricated in Example 3 was further treated to form two steps 
in the marginal portions of the heat dissipating surface on the opposite side by resist application and etching (see Figs. 
•)5 4A and 4B) The heat cycle characteristics of these circuit boards were tested by the same method as in Example 3. 
The results are also shown in Table 1; both circuit boards could withstand up to 2,000 cycles without cracking, thus 
proving to possess by far better heat cycle characteristics than the prior art versions. 


Example 5 

so 

Four alumina substrates measuring 53 X 29 X 0.635 mm were provided as ceramic substrates 1 . A circuit forming 
copper plate 3 having a thickness of 0.3 mm was placed in contact with one surface of each substrate and a heat 
dissipating copper plate 4 having a thickness of 0.25 mm placed in contact with the other surface. The individual 
members were compressed together and heated at 1 ,063°C in a heating furnace to have the copper plates bonded to 
55 the substrate directly. 

Then, an etching resist was applied to the circuit forming copper plate and etching was performed with an iron 
chloride solution to form a circuit pattern having a first step in the marginal portions. 
Then, a second resist layer was applied and etched to form a second marginal step. 
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A third resist layer was applied and etched to form a third marginal step. In this way, two pairs of circuit boards 
were fabricated which had the marginal profiles shown in Figs. 3A and 3B. 

The marginal steps in the two circuit boards shown in Fig 3A had the following dimensions: t-, = 20 u.m and f A = 
0.3 mm for the lowest step; t 2 - 0.1 mm and t 2 = 0.3 mm for the middle step; and t 3 = 0.18 mm tor the highest step. 
5 The marginal steps in the two circuit boards shown in Fig. 3B had the following dimensions: t, = 40 um and f A = 

0. 3 mm for the lowest step; tg = 0.13 mm and i 2 = 0.3 mm for the middle step; and t 3 - 0.13 mm for the highest step. 

One member of each of the circuit board pairs shown in Figs 3A and 3B was subjected to a heat cycle test, each 
cycle consisting of heating at 1 25°C for 30 minutes and cooling at -40°C for 30 minutes. The results are shown in Table 
1 ; both circuit boards could withstand up to 1 ,500 cycles without cracking and fine cracks devebped only after 2,000 
io cycles. 

Example 6 

The other member of each of the circuit board pairs fabricated in Example 5 was further treated to form two steps 
15 in the marginal portions of the heat dissipating surface on the other side by resist application and etching (see Figs. 
4A and 4B). The heat cycle characteristics of these circuit boards were tested by the same method as in Example 5. 
The results are also shown in Table 1; both circuit boards could withstand up to 2,000 cycles without cracking, thus 
proving to possess by far better heat cycle characteristics than the prior art versions. 

20 Example 7 

Two aluminum nitride substrates measuring 53 X 29 X 0.635 mm were provided as ceramic substrates 1 . A paste 
of brazing material 2 comprising 71.0% Ag, 16.5% Cu, 2.0% Tt and 0.5% Ti0 2 was applied to the entire surface of 
either side of each substrate. A circuit forming copper plate 3 having a thickness of 0.3 mm was placed in contact with 
25 one surface of each substrate and a heat dissipating copper plate 4 having a thickness of 0.25 mm placed in contact 
with the other surface. The individual members were compressed together and heated at 850°C in a vacuum furnace 
to form a joint. 

Then, an etching resist was applied to the circuit forming copper plate and etching was performed with an iron 
chloride solution to form a circuit pattern and the unwanted brazing material removed from the marginal portions. 
so Then, a second resist layer was applied and etched to form a second marginal step. 

A third marginal step was then formed by exclusively removing the Cu component with a chemical polishing solu- 
tion, thereby fabricating two circuit boards which had the marginal profile shown in Fig. 1 A with the lowest step being 
made solely of the brazing material. 

The marginal steps in each circuit boards had the following dimensions: t-, = 20 ujd and € % - 0.3 mm for the lowest 
35 step; t 2 = 0.095 mm and € 2 = 0.3 mm for the middle step; and t 3 = 0.175 mm for the highest step. 

One of the fabricated circuit boards was subjected to a heat cycle test, each cycle consisting of heating at 125°C 
for 30 minutes and cooling at -40°C for 30 minutes. The results are shown in Table 1; the circuit board could withstand 
up to 1,500 cycles without cracking and fine cracks developed only after 2,000 cycles. 

40 Example 8 

The other of the two circuit boards fabricated in Example 7 was further treated to form two marginal steps on the 
heat dissipating side by application of two resist layers and etching (see Fig. 2A). 

The heat cycle characteristics of the circuit board were tested by the same method as in Example 7 and the results 
45 are also shown in Table 1. The circuit board could withstand 2,000 cycles without cracking, thus proving to possess 
by far better heat cycle characteristics than the prior art version. 

Comparative Example 1 

50 Aluminum nitride and alumina substrates each measuring 53 X 29 X 0.635 mm were provided as ceramic substrates 

1 . In the active metal process, a paste of the same active metallic brazing material 2 as used in Example 1 was applied 
to the entire surface of either side of the AIN substrate; a circuit forming copper plate 3 having a thickness of 0.3 mm 
and a heat dissipating copper plate 4 having a thickness of 0.25 mm were placed in contact with opposite sides of the 
substrate; the individual members were compressed together and heated at 850°C in a vacuum furnace to form a joint. 

55 in the direct bonding process, the circuit forming copper plate 3 and the heat dissipating copper plate 4 of the thick- 
nesses specified above were placed in opposite sides of the AI2O3 substrate; and the individual members were com- 
pressed together and heated at 1 ,063t in a heating furnace to form a joint. 

An etching resist was applied to the circuit forming Cu plate 3 on each joint and etching was performed with an 
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iron chloride solution to fabricate two circuit boards of the conventional types illustrated in Figs. 5A and 5B. Their heat 
cycle characteristics were tested by the same method as in Example t and fine cracks were found to develop upon 
application of about 50 cycles. 

Comparative Example 2 

Two aluminum nitride substrates measuring 53 X 29 X 0.635 mm were provided as ceramic substrates 1. A paste 
of brazing material 2 comprising 71 .0% Ag t 16.5% Cu and 2.5% Ti was applied to the entire surface of either side of 
each substrate. A circuit forming copper plate 3 having a thickness of 0.3 mm and a heat dissipating copper plate 4 
having a thickness of 0.25 mm were placed in contact with opposite sides of each substrate, and the individual members 
were compressed together and heated at 850°C in a vacuum furnace to form a joint. 

Then, an etching resist was applied to the circuit forming copper plate 3 and etching was performed with an iron 
chloride solution to form a circuit pattern and the unwanted brazing material was removed from the marginal portions. 

Then, in order to form a second marginal step, a second resist layer was applied over an area smaller than the 
Cu pattern and etching was performed with an iron chloride solution to fabricate two circuit boards having the marginal 
profiles shown in Figs. 6A and 6B. The marginal steps had the following dimensions: t n = 0.1 mm and € 1 = 0.3 mm for 
the first step; and t 2 = 0.2 mm for the second step. 

The two completed circuit boards, one having a marginal step on the heat dissipation side (Fig. 6B) and the other 
having not (Fig. 6A), were subjected to a heat cycle test and the results are also shown in Table 1 . The stepless circuit 
board could withstand up to 300 cycles without cracking; however, fine cracks developed after 400 cycles. The other 
circuit board could withstand up to 400 cycles; however, fine cracks developed after 500 cycles. 

Comparative Example 3 

Two alumina substrates measuring 53 X 29 X 0.635 mm were provided as ceramic substrates 1. Copper plates 
were placed in contact with opposite sides of each substrate, compressed together and heated at 1 ,063° C in a nitrogen 
gas atmosphere to form a joint. An etching resist was applied to the circuit forming copper plate and etching was 
performed with an iron chloride solution to form a circuit pattern. 

Then, in order to form a second marginal step, a second resist layer was applied over an area smaller than the 
Cu pattern and etching was performed with an iron chloride solution to fabricate two circuit boards having the marginal 
profiles shown in Fig. 7 A and 7B. The marginal steps had the following dimensions: t, = 0.1 mm and = 0.3 mm for 
the first step; and t 2 = 0.2 mm for the second step. 

The two completed circuit boards, one having marginal step on the heat dissipation side (Fig. 7B) and the other 
having not (Fig. 7A), were subjected to a heat cycle test and the results are also shown in Table 1 . The stepless circuit 
board could withstand up to 300 cycles without cracking; however, fine cracks developed after 400 cycles. The other 
circuit board could withstand up to 400 cycles; however, fine cracks developed after 500 cycles. 
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BNSD0CIO. <EP 08271 93A2_I„> 


EP 0 827 198 A2 

As described on the foregoing pages, the circuit board of the invention which has three or more steps formed in 
the marginal portions of at least the conductor circuit is significantly improved in heat cycle characteristics compared 
to the conventional version having no more than two marginal steps. Due to this great improvement in heat cycle 
characteristics, the circuit board of the invention can be used with power modules in automobiles, elect nc trains and 
s other heretofore impractical applications that require high output power. 

Claims 

io 1 . A semiconductor substrate of high reliability which comprises a ceramic to metal joined circuit board having three 
or more steps formed in the marginal portions of at least the conductor circuit. 

2. A semiconductor substrate according to claim 1 , wherein the lowest step formed in the marginal portions of at least 
the conductor circuit is made of an active metallic brazing material and the other steps are made of a metal or metals. 

15 

3. A semiconductor substrate according to claim 1 , wherein all of the steps formed in the marginal portions of at least 
the conductor circuit are made of a metal or metals. 

4. A semiconductor substrate according to claim 2, wherein the active metallic brazing material contains at least one 
20 of Ti, Zr and Hf as the active metal. 

5. A semiconductor substrate according to any one of claims 1 - 4, wherein the lowest step formed in the marginal 
portions of at least the conductor circuit has a thickness X A which accounts for no more 15% of the total thickness 
of the conductor and has a width ^ of 5 - 500 u. m, the middle step has a thickness t 2 which accounts for 25 - 55% 

25 of the total thickness of the conductor and has a width i 2 of 1 00 - 500 ujti, and the highest step has a thickness 

t 3 which accounts for 30 - 60% ol the total thickness ol the conductor, with tj + t 2 being no more than 70% of the 
total thickness of the conductor and € A + € 2 being no more than 1 mm. 
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(54) Metal ceramic substrates for semiconductors of high reliability 


(57) A paste of active metallic brazing material is ap- 
plied to the entire surface of each side of aluminum ni- 
tride or alumina ceramic substrate 1 ; circuit forming cop- 
per plate 3 having a thickness of 0.3 mm is placed in 
contact with one surface of the substrate and a heat dis- 
sipating copper plate 4 having a thickness of 0.25 mm 
placed in contact with the other surface; the individual 
members are compressed together and heated at 
850°C in a vacuum furnace to form a joint; an etching 
resist is applied to the circuit forming copper plate and 
etching is performed with an iron chloride solution to 
form a circuit pattern and the unwanted brazing material 


is removed from the marginal portions; a second resist 
layer is applied and etched with an iron chloride solution 
to form a second marginal step; a third resist layer is 
similarly applied and etched to form a third marginal 
step; the completed circuit board having three marginal 
steps of which the lowest one is solely or partly made of 
the brazing material can withstand 1,500 heat cycles, 
which is the result that has ben unattainable by the prior 
art. Having such high heat cycle characteristics, the cir- 
cuit board is suitable for use as semiconductor substrate 
in automobiles, electric trains and other applications that 
require high output power. 


FIG . 


CO 

< 

00 
O) 

T— 

h- 

CM 
CO 

o 

Q. 

LU 


(A) 


it . 12 


3 2 


(B) 


,12, 


3 2 


t3 
12 


22 


12 


Printed by Jouve. 75001 PARIS fFR) 


BNSD0C1D- <EP 0827198A3J_> 


EP 0 827 198 A3 


J 


European Patent 
Office 


EUROPEAN SEARCH REPORT 


AppMcalion Number 

EP 97 81 0603 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 


Citation of document with indication, where appropriate, 
ot retevant passages 


\ Relevant 
i to claim 


CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 


EP 0 407 905 A ( DUERRWAECHTER E DR D0DUC0) 
16 January 1991 

* column 3, line 36 - column 4, line 44; 
figures 2,3 * 

WO 89 00339 A (DUERRWAECHTER E DR D0DUC0) 
12 January 1989 

* page 6, line 19 - line 25; figure 6 * 

P,X EP 0 789 397 A (HITACHI LTD) 13 August 
1997 

P,A i* page 7, line 25 - line 28; claims 1-10; 
figure 10A * 


PATENT ABSTRACTS OF JAPAN 

vol. 018, no. 188 (E-1532), 31 March 1994 

& JP 05 347469 A (TOSHIBA CORP), 27 

December 1993. 

* abstract * 


The present search report has been drawn up for alt claims 


1,3 

1,3 

1,2 
5 

1-4 


H01L23/14 

H01L23/367 

H01L23/373 


TECHNICAL FIELDS 
SEARCHED (lntCI.6) 


H01L 


THE HAGUE 


Date ot completion ot the search 

25 May 1998 


Hammel, E 


CATEGORY OF CiTED DOCUMENTS 

X . particularly retevant rt taken atone 

Y particularly -etevani <t comb Tied with another 

document ot the same category 
A ; technological background 
O non- written disclosure 
P • intermediate document 


T : theory or principle underlying the invention 
E oar her patent document, but pubbsnod on, or 

attar the filing data 
O document cited tn tne application 
L document cited for otner reasons 

& member ol the same patent f amity, corresponding 
cosumant 


